Though less problematic with a large number of scales, scale correlations are typically suppressed in MFC measures, which clearly compromises construct validity of forced-choice questionnaires.
Distorted reliability estimates
It is generally agreed that the forced-choice format distorts traditional estimates of reliability. With a large number of measured dimensions reliabilities as measured by Cronbach"s alpha are depressed (Bartram, 1996) . It is also argued that alpha is an inappropriate statistics for the forced-choice format, unless a questionnaire meets very specific conditions (Brown & Maydeu-Olivares, 2009 ). Relying on coefficient alpha as a valid indicator of reliability has led test developers to creating questionnaires of potentially excessive length. This has an implication on the time it takes to complete the test and on testtakers" experiences.
Higher cognitive load
It is cognitively challenging to complete MFC tests, particularly when more than three items are involved in one block. Processing several items at the same time requires good reading skills and comprehension, and is generally found not suitable for people with low educational level (SHL, 2006) . Unsurprisingly, success in faking MFC was found to be related to cognitive ability (Vasilopoulos et al., 2006) . These problems are serious enough to raise concerns with use of the forced-choice format. The first three, however, are not inherent to the format itself, but originate from the current way of scoring. The traditional scoring methodology based on the Classical Test Theory (CTT) approach does not adequately describe the decision-making process behind responding to MFC items.
New IRT models have been proposed to deal with some specific types of MFC measures (e.g. Stark, Chernyshenko & Drasgow, 2005; McCloy, Heggestad & Reeve, 2005) . shown that embedding this IRT model in a confirmatory factor analytic framework allows estimating and scoring large tests like ones mentioned above (Brown & Maydeu-Olivares, 2009 ). Crucially, this approach deals with the limitations of existing MFC questionnaires, namely overcomes problems of ipsative data, and also provides the means of estimating the tests" reliability. For example, for the CCSQ7.2, measuring 16 work-related traits, reliability was found to be much higher than previously thought (Brown & Bartram, 2008) .
Based on these findings, we would like to see if we can reduce the number of items in MFS questionnaires, while obtaining trait scores that are no longer ipsative. Instead of simply reducing the number of blocks, we will attempt to reduce the number of questions in each block, thus making completion less cognitively challenging. Why do we need to do this?
First, we want test takers to do less -spend less time completing the questionnaire, without compromising its reliability and validity. Also, we want to make the format more appropriate for people with lower education level or reading skills. And finally, we want test users to get more -including information on absolute trait standing and true scales" relationships.
APPLICATION

Instrument
The Occupational Personality Questionnaire (OPQ32) is an occupational model of personality, which describes 32 dimensions of people"s preferred style of behavior at work (SHL, 2006) . It is a popular test used for selection and assessment internationally. Evidence supporting the job-related validity of the OPQ instruments has been reported in a number of 7 studies across a range of industry sectors and job types (e.g. Robertson & Kinder, 1993; SHL, 2006) . Short scale descriptions for OPQ32 are given in Table 1. There are two questionnaires using the above model, namely the OPQ32n (normative, using SS format) and OPQ32i (ipsative, using MFC format). The ipsative version of the OPQ32 was designed to be resistant to the effects of response distortion and "faking good", and is used most frequently, particularly for selection. The instrument consists of 104 blocks of four statements measuring different dimensions. Each scale is measured by 13 items. For each block respondents have to choose one item that is "most like me" and one "least like me".
Here is an example of a block:
A. I like to do things my own way B. I recognize weak arguments C. I take care to follow procedures D. I like to spend time with others METHOD Our approach relies on several assumptions. First, when rank-ordering statements, respondents perform mental pair-wise comparisons of all available options, that is, each statement is compared with every other one (Maydeu-Olivares, 1999) . For instance, for an item to qualify to be "most like me" it has to be compared with all remaining items and "win" (or be preferred in) every comparison. Responses given to a block of four statements can be recoded into 4 (4-1)/2=6 directional paired comparisons as described in Maydeu-Olivares & Böckenholt (2005) . If one statement is taken out of the block of four, making it a block of three, only 3 (3-1)/2=3 paired comparisons have to be performed by the respondent. Because one comparison is assumed not to influence outcomes of other comparisons, we can take existing data with four response alternatives, recode the block of four into six comparisons, and remove three comparisons related to the item to be removed from the block. It is easy to see that by removing one item, the number of paired comparisons to be performed is actually halved, and theoretically making choices within a block of three should only take half of the time that a block of four takes (not including the time it takes to read the statements). Thus, removal of 25% of the items should almost halve the instrument completion time.
Second, according to Thurstonian theory of comparative judgment (Thurstone, 1927 (Thurstone, , 1931 , one statement is preferred to another if its utility is larger for the respondent. In case of personality questionnaires, utilities of statements for the respondent are assumed to be caused by strengths of underlying personality traits. When a respondent chooses between two items, their standing on the two underlying traits will influence the utilities of the choice alternatives, and therefore, the outcome of the comparison. The two-dimensional IRT Preference Model for paired comparisons (Brown & Maydeu-Olivares, 2009 ) is applied to recoded responses to link them to latent traits measured by the questionnaire, and is given by
where i and j are the factor loadings describing the strength of the relationship between the factors q and r and the underlying response, and α ij is the threshold.
Third, the model assumes that the items fit a dominance model, that is, when the true score on the underlying trait increases, probability of agreeing with the item is nondecreasing. All items of OPQ32i without exception are very strong positive statements created under CTT approach. They were first trialed in the single-stimulus format and only statements correlating strongly with the total scale score were retained. Re-examining the statements with IRT confirmed their good fit to a dominance model. In addition, we assume that each item in the block measures only one trait. We also assume unidimensionality of the 32 measured traits. These assumptions are necessary to guarantee a good fit to a confirmatory factor model, where each paired comparison serves as a dichotomous indicator for two latent traits (first-order factors), the 32 latent traits are allowed to correlate freely, their variances 9 are set to 1, and several additional constraints are imposed on the parameters for identification and substantive theoretical reasons (for details, see Brown & Maydeu-Olivares, 2009 ).
Selecting best items
Two samples were used to inform selection of items for the shortened version.
Sample 1. Single-stimulus trial of OPQ32i. In this trial OPQ32i items were administered using a 5-point Likert scale. Participants volunteered and completed the questionnaires online to receive a comprehensive feedback report. Among N=632 participants 51% were female and 49% male. The age ranged from 18 to 64 with the largest group being between 22 and 34 years of age.
Sample 2. OPQ32i Standardization sample. The OPQ32i standardization sample consisted of 807 respondents. About two-thirds were adults working in industry and commerce, and the remaining third were students. Some respondents completed the questionnaire for self-development purposes, the others solely for the purposes of the standardization study. 43% of the sample were male, 57% female. Age ranged from 16 to 68, with a mean of 31 and a standard deviation of 11.
First, each scale in the questionnaire had to be examined in relation to its dimensionality. This was done by fitting 1, 2 and 3 dimensional IRT models to the Likert responses on each scale separately (Sample 1). Exploratory factor analysis (ML with oblique rotation) was used to extract 1, 2 and 3 factors and produce fit indices to each of those models. Most scales were one-dimensional, and for those items with lowest factor loadings were highlighted for possible deletion. In several scales there was a second dimension that could not be ignored despite being highly correlated with the first. The second dimension typically consisted of 3 to 5 items with similar content. In those cases items from the second dimension that did not load on the first dimension were highlighted as potential candidates for deletion. The common-factor model fitted to these scales after deletion of the highlighted items showed satisfactory fit. For two scales, the second dimension was largely independent.
This resulted in almost zero discrimination some items showed on the common factor. It was important that these items were removed.
Next, items from the MFC completion (Sample 2) were considered. This step was very important for two reasons. Finally, judgmental reviews of all blocks were performed in order to remove one item from each block based on the criteria outlined above. One additional constraint was imposed:
we were looking to remove equal number of items from each scale (3 or 4, retaining 9 or 10 items per scale). This step required not only statistical information obtained from samples 1 and 2, but also detailed expert knowledge of the questionnaire"s scales in order to retain items important for the construct"s meaning and breadth. If two items highlighted for deletion happened to be in the same block, the most problematic one was removed. If a block did not have any highlighted items, it was used to remove items from scales that were generally very good and balance the number of removed items.
The final version was assembled that had 104 blocks of 3 items (312 items), with 9 or 10 (and one scale with 11) items per scale.
Estimating IRT parameters and individual's trait level
The structural model for this test contained 32 freely correlated latent traits 
RESULTS
Reliability and standard error of measurement
While 6 to 8 items per scale are enough to reach acceptable reliability with OPQ32n, as many as 13 items per scale were required to reach the same levels with the forced-choice
OPQ32i (SHL, 2006) . However, this is where reliability estimation is based on use of alpha.
As in multidimensional IRT models generally, directional test information can be computed for each theta value in the 32-dimensional space (Ackerman, 2005) . Details are beyond the scope of this paper and can be found in Brown & Maydeu-Olivares (2009).
Average standard errors for the 32 scales can be computed for a sample of respondents, and a composite reliability then can be computed by comparing the average squared standard errors,   2 , to the trait score variance,  2 , which is in this model set to 1 (Embretson & Reise, Table 2 shows composite reliabilities estimated from the IRT information for the full version of OPQ32i and the shortened version, and also full version"s alphas for comparison.
The composite reliabilities for the short version are not much lower than for the full version 12 (median reliability 0.85 as compared to 0.92). Reliabilities estimated from the IRT information, as expected, are much higher than alphas, even for the reduced number of items.
Construct validity
For the first time it became possible to recover true correlations between OPQ32i
scales. Exploratory factor analysis (ML with oblique rotation) was performed on the estimated theta scores for the Standardization sample (Sample 2), which extracted 5 factors explaining 54.2% variance (see Table 3 ). This solution clearly represents the Big Five factors (McCrae and Costa, 1987) . For comparison, five or six factors are typically extracted from the normative OPQ32n, five of which represent typical "Big Five" descriptions. The sixth dimension, if extracted, is not consistent across samples (SHL, 2006) .
Scaling properties
The most interesting and much debated question is whether scores based on MFC responses can resemble normative trait standing. To evaluate individual scores" properties, we will consider Sample 3, where respondents took both the normative and the ipsative versions of OPQ32. 21.3% were male, 75.4% female and 3.3% did not provide gender data. Table 4 ). Moreover, the average profile scores based on the IRT forced-choice scale scores correlated with the average normative profile scores (r = 0.56), demonstrating that forced-choice ratings can provide information on absolute trait standing.
Individual test profiles
Next we consider the 32-scale profiles based on CTT normative and IRT forcedchoice scores, looking at their shape and absolute position. We measured similarity of shapes by correlating 32 scale scores (normative and IRT recovered, k=32) for the same individual in the sample of OPQ training delegates (Sample 3). These profile similarity coefficients were distributed as shown in Figure 2 . Most people (56%) had profiles with similarity 0.7 or higher and only 10% of respondents had profiles with similarity less than 0.5. Clearly, selfreferenced relative ordering of scales was similar based on SS and FC responses.
We measured the distance between the average of standardized normative scores and average of IRT forced-choice scores for the 32 scales. Figure 3 shows the distribution of the profile distance scores. It can be seen that the distance or "shift" between the forced-choice and the normative profile is distributed almost normally. Most people"s (97%) profiles lie within 0.5 from each other, and 80% have their profiles within 0.2 or closer. Thus absolute positions of scales were also similar based on SS and FC responses. scores derived from these instruments make it difficult to establish construct validity, absolute location of profiles and reliability estimates. They are also generally longer than their SS counterparts, and more cognitively challenging.
Criterion-related validity
We examined the forced-choice version of OPQ32 to see if ratings provided to blocks of items can be used more efficiently with IRT. Specifically, we wanted to see if the questionnaire can be significantly reduced in length, without compromising its reliability, and provide information on true relationships between scales and normative trait standings. 
